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Abstract 
Background: Despite decreases in incidence and related mortality, malaria remains a major public health challenge 
in the Greater Mekong Sub-region (GMS). The emergence of artemisinin resistance threatens these gains and has 
prompted efforts to accelerate elimination in the region. In the GMS, transmission now clusters in hotspots along 
international borders and among high-risk populations, including forest-goers. To eliminate malaria in the region, 
interventions must target such hard-to-reach populations. This review provides a comprehensive overview of the 
qualitative research on behaviours and perceptions that influence uptake of and adherence to malaria interventions 
among forest-goers in the GMS.
Methods: A systematic search strategy was used to identify relevant sources, including database (OVID SP, Pub-
Med, ISI Web of Knowledge) and bibliographic searches. Relevant findings from qualitative research methods were 
extracted and thematic analysis undertaken.
Results: Of 268 sources retrieved in searches twenty-two were reviewed. Most reported studies were conducted in 
Cambodia (n = 10), and were published after 2014 (n = 16). Four major themes emerged that are particularly relevant 
to the design of intervention packages targeted at forest-goers: (1) understanding of malaria and perceived risk; (2) 
preventive measures used when visiting the forest; (3) behaviours that put forest-goers at risk of infection; and, (4) 
malaria-related treatment seeking. There were notable differences across the reviewed articles that suggest the need 
for a locally tailored approach.
Conclusion: A more detailed characterization of forest activities is needed but research on this topic raises methodo-
logical challenges. Current vector control measures have limitations, with use of insecticidal-treated nets, hammocks 
and repellents influenced by the type of forest activities and the characteristics of these measures. In contrast, anti-
malarial drugs, for example, as chemoprophylaxis, hold promise but require further evaluation.
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Interventions, ITNs, Prophylaxis, MDA, Mass screening and treatment
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Background
Despite a steady decrease in malaria incidence and 
malaria-related mortality, the disease remains an impor-
tant health and socioeconomic burden in the Greater 
Mekong Sub-region (GMS) [1]. Progress has been 
spurred by increased funding, improved vector control, 
enhanced case detection and the availability of effec-
tive anti-malarial treatments [2]. Concurrently, selec-
tion pressure on parasite populations in the region has 
resulted in the emergence of artemisinin resistance [3–5]. 
With no alternative anti-malarials available to replace 
artemisinin-derived compounds as frontline treatment, 
a public health crisis could ensue if resistant parasites 
spread to Africa [6, 7].
In response to this growing threat, health ministries of 
the GMS have set themselves the goal of malaria elimina-
tion by 2030 [8, 9]. As the region has progressed towards 
elimination, remaining malaria parasite reservoirs have 
clustered along international borders and forested areas 
[10–12]. In these areas, malaria remains endemic in high-
risk populations, including mobile migrant workers and 
forest-goers [13, 14]. Poor adherence to measures which 
prevent contact with vectors, e.g. insecticide-treated bed 
nets (ITNs), long-lasting insecticidal hammocks (LLIHs) 
and mosquito repellents [15], puts them at an increased 
risk of acquiring malaria [14].
Intervention packages that specifically target at-risk 
groups are necessary to accelerate malaria elimination. 
The effectiveness of interventions targeted at forest-goers 
(and any group) depends upon their uptake and adher-
ence. Understanding attitudes towards current inter-
ventions and malaria-related behaviours is key to the 
appropriate design of future strategies to maximise their 
impact. Social science research that employs qualitative 
methods, such as interviews, focus group discussion and 
observations, can offer insights into the factors that influ-
ence behaviours and perceptions that influence uptake 
and adherence.
This review provides a comprehensive overview of the 
qualitative research conducted on forest-goers in the 
GMS since the turn of the Century. The article exam-
ines behaviours and perceptions that influence uptake 
of and adherence to malaria interventions with a view to 
informing the design of appropriately tailored interven-
tion packages. Due to the relative paucity of qualitative 
research on this topic, this article identifies gaps in the 
current evidence to guide future studies.
Methods
Literature search
To identify relevant articles, database searches were car-
ried out in OVID SP, PubMed and ISI Web of Knowledge 
in June 2018. Test searches were used to refine the appro-
priate terms and ensure that relevant studies were identi-
fied. The final search terms are shown in Table 1. These 
search terms were chosen to ensure that the sources 
identified were specific to the region of interest, based on 
research using qualitative social science research meth-
ods (including ethnographic methods, as used in previ-
ous systematic reviews of qualitative research [16]) and 
all research that mentioned forest-related activities or 
-goers and malaria. Grey literature was identified using 
Google, Social Science Research Network, OpenGrey 
and EThOS.
The searches identified 268 articles, which were 
reduced to 141 after removing duplicates. Titles and 
abstracts of the articles were downloaded into Mendeley 
and were screened according to the following inclusion 
criteria: original research related to malaria; conducted 
in the GMS; written in English; utilizing qualitative 
methods including interviews, group discussion and 
observations.
The full texts of 40 articles were retrieved, read and 
13 articles were selected as meeting inclusion criteria. A 
hand search of the bibliographies of the selected articles 
was also conducted, along with a Google Scholar search, 
identifying a further nine articles (see Fig. 1 for an over-
view of the selection process). A total of 22 articles were 
included for thematic analysis of qualitative findings. For 
articles that used both qualitative and quantitative meth-
ods, only findings derived from qualitative methods were 
considered. Information on the data collection methods, 
date published, study location and target groups were 
also extracted for each article.
Data analysis
A deductive and inductive approach was used to ana-
lyse the data from selected articles. Using the deduc-
tive approach, specific data for pre-set themes were 
explored and during the process of review emerging 
themes were developed using the inductive approach 
Table 1 Search terms
OVID SP, PubMed and Web 
of Knowledge
Google, Social Science 
Research Network, 
OpenGrey and EThOS
Malaria Malaria
AND Greater Mekong Sub-region OR 
GMS OR Burma OR Myanmar 
OR Thailand OR Vietnam 
OR Cambodia OR China OR 
Yunnan OR Guangxi Zhuang 
OR Lao*
AND GMS
AND Forest AND Forest
AND Qualitative OR interview OR 
discussion OR sociology* OR 
perception* OR belief* OR 
attitude*
AND Qualitative
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[17]. Themes relating to factors that may influence 
malaria-related interventions targeting forest-goers 
were identified and relevant data were extracted and 
categorized based on the thematic content. The data 
within the themes were explored for patterns and inter-
pretation based on the context where the studies took 
place. The relevant themes and the extracted data are 
presented below. One of the co-authors (SN) extracted 
the data from all sources and another co-author (BA) 
undertook a second round of data extraction for a sub-
set of sources as a means of checking and ensuring that 
no relevant information was overlooked.
Results
Study characteristics
Of the 22 studies reviewed, the majority were conducted 
in Cambodia (n = 10), followed by Vietnam (n = 4), 
Myanmar (n = 3), Thailand (n = 2), Laos (n = 1), Thai-
Burmese border (n = 1), and Vietnamese-Cambodian 
border (n = 1) (Table 2). Articles were published between 
1986 and 2018, with the majority published after 2014 
(16/22; 72%) illustrating a growing trend in qualita-
tive studies in recent years. The studies utilized various 
data collection techniques, including individual inter-
views (n = 21), participant observations (n = 17), and in-
depth group discussions (n = 10). Of the 22 studies, 13 
employed a mixed-methods approach combining quali-
tative and quantitative methods, such as questionnaire-
based surveys and focus group discussions.  In most 
studies, forest-goers were not the primary focus, and 
instead were among other respondents which included 
community leaders, health providers and malaria 
patients.
Qualitative synthesis of findings
During the systematic analysis of the articles, four major 
themes emerged that are particularly relevant to the 
design of intervention packages specifically targeted 
towards forest-goers (Additional file  1) (1) forest-goers’ 
understanding of malaria and their perceived risk; (2) 
their malaria-related treatment seeking behaviour; (3) the 
Records idenfied through 
database searching
(n = 268)
Records aer duplicates 
removed
(n = 141)
Records screened (tle or 
abstract)
(n = 141)
Studies included in qualitave 
synthesis
(n = 22)
Full-text arcles assessed for 
eligibility
(n = 40)
Addional records idenfied 
through other sources
(n = 9)
Records excluded
(n = 101)
• Not related to malaria (n = 62)
• Not English (n = 1)
• Not original research (n = 2)
• Conference abstract (n = 19)
• Not qualitave research (n = 10)
• Not in GMS (n = 2)
• Not relevant to forest goers (n = 5)
Full-text arcles excluded
(n = 27)
• No full-text access (n = 1)
• Not original research (n = 1)
• Not qualitave research (n = 20)
• Not relevant to forest goers (n = 4)
• Not English (n = 1)
Fig. 1 PRISMA flow diagram
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preventative measures used when visiting the forest; and, 
(4) the behaviours that put them at risk of infection.
Understanding of malaria
In most of the reviewed sources, respondents demon-
strated a basic understanding of malaria and its symp-
toms. However, in one study  along the Thai/Burmese 
border, malaria was viewed as a symptom rather than a 
disease [18]. Mosquito bites were often described as the 
cause of malaria, and misconceptions regarding the mode 
of transmission were common: malaria was linked to 
drinking or bathing in contaminated water, exposure to 
contaminated wind, tiredness, ill health, poor hygiene, or 
eating specific foods. In Cambodia, supernatural deities, 
Table 2 Characteristics of the reviewed articles
First author Year Country Duration of data 
collection
Qualitative methods
Focus groups Individual 
interviews
Observations
Adhikari 2018 Laos 11 months (Sep 2015 to 
Aug 2016)
12 FGDs with 100 
participants
31 Yes
Bannister-
Tyrrell
2018 Vietnam 2 months (April to June 
2016)
No 22 in-depth inter-
view, 10 informal 
conversations
Yes
Chen 2017 Vietnam 2 months (Dec 2015 to Jan 
2016)
61
Crawshaw 2017 Myanmar Unspecified 42 5
Grietens 2010 Vietnam 3 months (July 2005 to 
September 2006)
101 Participated in everyday 
activities inc. forest 
activities
Grietens 2012 Vietnam 3 months (between July 
2005 and September 
2006)
Yes Semi-structured Ethnography
Grietens 2015 Cambodia Unspecified (during 2012) Yes Yes
Gryseels 2013 Cambodia 4 months (April to July 
2010)
126 Yes
Gryseels 2015a Cambodia Between 2012 and 2013 320 individual 
interviews and 759 
informal conversa-
tions
Smelt household 
member’s arms for 
repellent
Gryseels 2015b Cambodia/Vietnam 
Border
5 months (between 2008 
and 2010)
257 Observed daily life
Gryseels 2015c Cambodia Unspecified (during 2012) 153 Yes
Lim 2017 Cambodia 3 days in each village (20) 1 18 Yes
Liverani 2017 Cambodia 2013 duration unspecified 71
Lyttleton 2016 Thailand 2 weeks in November 2014 Yes Observed daily life, 
health outreach 
activity
Panvisavas 2001 Thai Myanmar Border 8 months in 1999 5 Yes
Pell 2017 Cambodia 2015 and 2016 Yes 40 Yes
Sahan 2017 Myanmar 4 months (March to July 
2015)
45 Yes
Shafique 2016 Cambodia 8 months (August 2010 to 
March 2011)
6 13 Yes
Singhanetra-
Renard
1986 Thailand June 1985 to March 1986 Yes Yes
Taffon 2018 Cambodia 4 months (December 2015 
to March 2016)
86 9 Yes
Verschuere 2017 Cambodia 4 months (August to 
November 2013)
7 (49 participants in 
total)
42 Observed daily life
Wharton-
Smith
2014 Myanmar 2 months (May to June 
2014)
Yes Yes
Page 5 of 10Nofal et al. Malar J           (2019) 18:32 
ghosts, sorcery and forest spirits were reported as causes 
of malaria [19–23].
Study respondents commonly associated visits to the 
forest with increased risk of contracting malaria [22–
27] and, in Myanmar, malaria was even referred to as 
forest-sickness [18]. Despite risking malaria infection, 
respondents described that visiting forests was essen-
tial for sustenance, usually from swidden farming, hunt-
ing or logging. In some settings, malaria was perceived 
as an insignificant risk because mosquitoes in the forest 
were not seen as malaria vectors [28] or because only 
unhealthy individuals could become infected [29]. In one 
article, the ease with which malaria could be treated also 
reduced the perceived danger of malaria infection [25]. 
Study respondents referred to fever and chills as the main 
symptoms of malaria [18, 21]. However, understanding of 
asymptomatic malaria was discussed in only one article 
[24].
Prevention and control interventions
The type of preventative measures used by respondents 
to counter malaria infection depended on several fac-
tors, including availability, durability, cost and practi-
calities of use. In some studies, the irritation experienced 
from mosquito bites, rather than the fear of contracting 
malaria, prompted the use of protective measures, such 
as wearing long-sleeved clothing [30, 31].
Smoke, mosquito coils and long sleeves
Wearing long-sleeved/legged clothing to prevent mos-
quito bites while working in the forest was reported in 
several studies [20–22, 24, 26, 27, 32, 33]. However, due 
to the strenuous nature of their work, forest-goers would 
often take off long-sleeved/legged clothing if they felt 
too hot [25, 27, 32]. Practices, such as burning leaves and 
mosquito coils [21, 22, 25–27, 31–34] were also popular 
ways of deterring mosquitoes while in the forest and were 
used, either in conjunction with or to substitute other 
malaria prevention methods. In Myanmar, for instance, 
mosquito coils were worn in headbands and waistbands 
during night-time work [32]. Although practical and con-
venient, respondents recognized that burning fires did 
not provide sufficient protection, leaving them suscepti-
ble to malaria infection [25, 26] and that smoke inhala-
tion could have further negative impacts on their health 
[27].
Repellents
Mosquito repellents were not commonly used among 
forest-goers. Although some respondents described mos-
quito repellents as a useful way to prevent mosquito bites 
when bed nets could not be used or to get rid of other 
insects, such as lice [35], others reported that repellents 
were not effective [25, 27]. Because of the strong smell 
of the repellents, respondents in three studies described 
repellents as toxic and harmful to their skin [27, 32, 35]. 
The high cost of the repellents also presented a barrier 
that limited its use among respondents [27].
Bed nets
Bed nets were mentioned as malaria prevention tools in 
several studies [15, 20–22, 24, 26–30, 33, 36], but were 
not always used consistently or appropriately. Forest-
goers would not use bed nets for reasons related to the 
hot and humid environment of the forest within which 
they stayed [15, 18, 27] and would sometimes use them as 
pillows or blankets [15, 27]. Some forest-goers described 
how it was inconvenient to carry bed nets with them, 
and prioritized other essential items [15, 25, 27]. In one 
study, bed nets were only taken to the forest if respond-
ents spent longer than two nights there [27]. Respond-
ents in four studies described how bed nets were left in 
the village for other household members to use [15, 29, 
34, 36] because they did not own extra nets that could 
be taken to the forest. Insufficient access to bed nets 
was an issue reported in several sources [15, 27, 29, 34, 
36]. Although free bed net distribution campaigns have 
taken place across the GMS, forest-goers were sometimes 
absent during the distribution [27] or did not have a reg-
istration card [34] and were not eligible for a free bed net. 
Some respondents could not afford to purchase bed nets 
or replace them once they became damaged [15, 27, 34].
Several studies described a preference for non-impreg-
nated nets, usually purchased from the market, over 
ITNs. In one instance, these concerns were related to 
the perceived safety of the insecticide used in ITNs [27]. 
Many respondents reported that small insects could still 
penetrate ITNs despite the insecticide treatment, and 
therefore preferred market nets with smaller mesh sizes 
than ITNs [27, 33, 36]. Market-bought nets were also per-
ceived as softer, making them easier to pack when going 
to the forest [27] and came in a variety of sizes. This was 
important for respondents because they preferred using 
larger bed nets in the village to allow the entire family to 
sleep together, and smaller bed nets for individual use in 
the forests [33].
Hammock nets
Although forest-goers considered hammock nets more 
practical than bed nets [27], they were not commonly 
mentioned as a malaria prevention tool because they 
were either unheard of [29], difficult to find [29], expen-
sive or uncomfortable in the hot and humid environment 
of the forest [27]. For these reasons, respondents did not 
consistently use hammock nets while in the forest [15, 22, 
29].
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Mass screening and treatment, and mass drug 
administration
Concerns regarding the safety of blood tests affected 
participation in screening campaigns [20, 21], whereas, 
in another study, respondents avoided tests due to the 
fear of testing positive for narcotics or malaria, both of 
which would imply illegal forest work [25]. Enrolment 
in mass-drug administration (MDA) was also affected, 
mainly by concerns regarding the safety of artemisinin-
based combination therapy (ACT) as a result of real and 
perceived side-effects experienced after taking them [21] 
and by apprehension about blood tests [23]. In Laos, for 
instance, the fear of needles and losing too much blood 
were common worries among potential MDA partici-
pants [23].
Risky behaviour
Several behaviours that place forest-goers at increased 
risk of malaria were identified. Socializing during the eve-
nings and delayed sleeping times led to inconsistent bed 
net usage and increased exposure to mosquito vectors 
[30, 33]. In one study, a respondent was aware of this risk 
and would therefore spend leisure time under a bed net 
to avoid mosquito bites [27]. A common misconception 
among respondents was that alcohol consumption pro-
vided protection against mosquito bites and thus malaria 
[27, 29, 34]. Blankets were perceived to provide sufficient 
protection against mosquito bites while sleeping [27, 31, 
34, 37] leading to reduced bed net usage. Respondents 
in one study reported being bitten by mosquitoes when 
urinating and defecating at night or in the early morning 
due to the lack of mosquito-proof latrines in the forest 
[33]. The illegal nature of some of the activities carried 
out in the forest resulted in some respondents resorting 
to night-time work when mosquito vector densities are 
higher [25, 31].
Many forest-goers missed participating in malaria 
prevention interventions such as MDA [18, 21, 24], 
active case detection [26], bed net distributions [27], 
and the dissemination of health information [22, 27, 
29, 34]. Activities that promoted appropriate preven-
tion practices through village drama projects [20] and 
positive deviance, a method that encourages preventive 
behaviours already found in the community [22], were 
well received, with respondents reporting behavioural 
changes and increased uptake of malaria prevention 
methods. Some respondents therefore requested that 
they be informed prior to the start of these activities so 
that they could arrange being back in the village in order 
to attend [21] or requested that these activities take place 
more often [27].
Treatment‑seeking behaviours
With diverse malaria treatment outlets available, treat-
ment seeking was highly heterogeneous among for-
est-goers and often involved multiple points of care. 
Treatment choices were influenced by socio-economic 
factors, local medical traditions, accessibility and quality 
of service.
Traditional medicine and healing practices such as 
coining (a traditional dermabrasion therapy used to 
relieve fevers), fanning and fever baths were commonly 
reported as ways of alleviating malaria symptoms [18, 19, 
22, 23, 34, 38]. In some cases, traditional medicine was 
used before seeking biomedical treatment in the public 
or private sector [18, 22, 38]. For others, traditional medi-
cine was a last resort if symptoms did not improve after 
taking anti-malarials [19, 23]. The perceived cause of the 
disease also played a role in respondents’ choice of treat-
ment: they were more likely to resort to traditional medi-
cine when they suspected malaria to have a supernatural 
cause [19].
Self-treatment (using drugs purchased from phar-
macies, groceries and mobile vendors) was frequently 
reported [22, 23, 29, 38]. Respondents in two studies 
described taking drugs with them to the forest in case 
they fell ill [19, 29]. A variety of treatment options were 
available from drug outlets, including artemisinin-based 
combination therapy (ACT), artemether injections and 
drug cocktails which consisted of antibiotics, anti-pyret-
ics, artemisinin monotherapies or chloroquine [19].  In 
one study, drug cocktails and artemether injections were 
the preferred choice of treatment because they were con-
sidered to be more effective, offered faster relief and had 
milder side effects when compared to ACTs [19].
In several articles, study respondents failed to adhere to 
the full course of treatment because they could either not 
afford it [19] or would terminate treatment once symp-
toms had resolved [25, 29]. Although the preference for 
self-treatment often stemmed from convenience and 
ability to avoid undesired drugs, such as the ACT artesu-
nate-mefloquine, which was perceived to be associated 
with severe side effects, one  Cambodian study demon-
strated that health-seeking patterns also depended on the 
type of malaria diagnosis, with respondents more likely 
to self-treat if diagnosed with Plasmodium vivax com-
pared to Plasmodium falciparum [23].
Across the GMS, public health facilities provide 
malaria diagnosis and treatment free of charge. Never-
theless, there was a general preference for the private sec-
tor among respondents. This was attributed to the poor 
accessibility of public health facilities [22, 24] and long 
waiting times [23].  Respondents also preferred the pri-
vate sector for its superior customer service and flexible 
opening hours [19, 23, 29, 38]. In certain settings, such as 
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in Vietnam and Thailand, a national identity card was a 
requirement for accessing free services provided at health 
centres [23, 29] and as a result, many migrants (mostly 
from neighbouring countries) did not have free access 
and therefore frequently sought cheaper treatment in the 
private sector.  In one study, respondents were deterred 
by hidden costs, such as consultation fees, that had to be 
paid in the public sector [29].
In four articles, community health workers (CHWs), 
who support public health coverage in remote and rural 
villages, were described as the first point of treatment 
once malaria was suspected [19, 21, 23, 24]. Nevertheless, 
CHWs were viewed as unreliable [19, 22, 38] because 
they were either unavailable [38], unwilling to visit 
patients who lived far away [38], or ran out of rapid diag-
nostic tests (RDTs) and treatment [19]. Some respond-
ents were also disgruntled by CHWs’ limited capacity to 
treat only malaria [22, 38] and would therefore seek diag-
nosis and treatment from alternative health providers if 
they were unsure whether they had malaria or if they sus-
pected secondary illnesses.
Discussion
The findings provide an overview of qualitative research 
on behaviours and perceptions that influence uptake of 
and adherence to malaria prevention and control inter-
ventions among forest-goers in the GMS. The review 
focused on this group because they are deemed the pri-
ority population for the region’s malaria elimination [13]: 
forest-goers are at particular risk of sub-clinical malaria 
infections [39] and report sub-optimal use of preventa-
tive interventions, particularly ITNs [14]. As a result of 
the greater infection outside villages, forest-goers are at 
particular risk of Plasmodium vivax. Because they come 
into contact with macaques and other monkey spe-
cies carrying predominantly non-human Plasmodium 
species, e.g. Plasmodium cynomolgi and Plasmodium 
knowlesi, it is increasingly recognized that forest-goers 
are at risk of zoonotic malaria [40].
Four major themes are particularly relevant to the 
design of intervention packages specifically targeted 
towards forest-goers: (1) the understanding of malaria 
and perceived risk; (2)  the preventative measures used 
when visiting the forest ; (3)  specific behaviours that put 
forest-goers at risk of infection; and, (4)  malaria-related 
treatment seeking behaviours. There were notable differ-
ences among these themes across the reviewed articles 
with many context-specific issues. This suggests the need 
for a tailored approach when designing intervention for 
forest-goers.
Vector control interventions
As in other regions, interventions that target malaria 
vectors have been widely promoted in the GMS [41]. 
Although respondents in some of the reviewed studies 
reported using recommended measures, several limita-
tions for forest-goers were highlighted.
If forest-goers took protective measures, it was often 
because of the nuisance of mosquito bites, not to pre-
vent malaria [30, 31]. Although they generally associated 
malaria with mosquitoes, mosquito bites and spending 
time in forested areas [22–27] as highlighted elsewhere 
[e.g. 42], study respondents linked a range of other aetio-
logical factors to malaria, including a lack of cleanliness 
and supernatural forces [19–23]. Forest-goers’ concern 
about malaria infection also varied across the settings 
[28].
Respondents described rudimentary protection meas-
ures, such as wearing long-sleeved shirts and long trou-
sers when in forested areas [20–22, 24, 26, 27, 32, 33]. 
However, due to the strenuous nature of forest work, this 
was often impractical [25, 27, 32]. Burning leaves to repel 
mosquitoes was popular but recognized as inadequate 
[21, 25–27, 31, 33, 34] and potentially harmful [27]. Mos-
quito coils were occasionally mentioned [22, 27, 32]. The, 
strong smell of repellents [27, 32, 35] and their high cost 
[27] were reasons that they were not readily used.
The use of hammocks and ITNs was influenced by their 
cost and characteristics, e.g., the size of the mesh, and 
whether they were compatible with users’ forest shelters 
and sleeping areas [27, 33, 36]. Insecticide-treated ham-
mocks [15, 22, 29] or ITNs [15, 25, 27] were readily aban-
doned or irrelevant because of the nature of activities in 
forested areas. Evening socializing and alcohol consump-
tion along with other night-time activities, such as uri-
nating, defecating [33], logging or hunting (in an attempt 
to keep their illegal activities clandestine) [25, 31] meant 
that some forest-goers were particularly exposed to 
mosquito vectors [27, 29–31, 33, 34, 37]. These factors 
are further compounded by the biting behaviour of the 
exophagic forest dwelling vectors, Anopheles dirus and 
Anopheles minimus [43].
A more human-centred approach to the design of vec-
tor control interventions, whereby end-user preferences 
and practices are incorporated into a collaborative pro-
cess of product development [44] might promote more 
optimum use. Such an approach is increasingly popular 
in the development of a range of health-related interven-
tions [e.g. 45]. Forest-goers’ limited access to ITNs results 
from their absence during distribution campaigns that 
target villages, and the cost of ITNs. These barriers could 
be mitigated by careful planning of the distribution, 
based upon an understanding of forest-going patterns.
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Across the reviewed studies, relatively little was 
reported about the specifics of forest-going, particularly 
in terms of locations and practices. This is because the 
articles rarely focused on this sub-group or because of the 
sometimes illegal nature of forest activities [25]. There-
fore, although a more detailed characterization of forest 
activities could help to understand where and when they 
encounter the relevant vectors (and, for example, tailor 
distribution of ITNs or hammocks), this is likely to raise 
methodological, ethical and legal issues.
Mass drug administration, mass screening and treatment, 
and prophylaxis
Several proposed interventions that aim to accelerate 
malaria elimination (in the GMS) target the asympto-
matic reservoir of infections (e.g. MDA, mass screening 
and treatment using ultra high-sensitive diagnostics). 
These approaches along with the prophylactic use of anti-
malarials among at-risk groups entail ingesting a phar-
maceutical drug when individuals are not experiencing 
symptoms. Few studies however addressed the topic of 
asymptomatic malaria and the attitudes towards taking 
anti-malarials when asymptomatic [21].
Given the importance of asymptomatic malaria for 
continued transmission in low-transmission, pre-elim-
ination settings [46], effective active case detection 
programmes must include highly sensitive diagnostic 
techniques [47]. However, mass- or targeted screening 
with sufficiently sensitive diagnostics (e.g. using labora-
tory methods, such as high-volume ultra-sensitive quan-
titative PCR) are currently not feasible due to the cost 
and delay between sampling and the result [47]; further-
more, although promising, point-of-care, ultra-sensitive 
RDTs still require further clinical investigation [48].
Alongside pilot studies across the GMS, a programme 
of mixed-methods research has addressed attitudes to 
malaria and experiences of MDA for malaria elimina-
tion [18, 21, 24, 49, 50]. The results of these studies indi-
cated that people participated in MDA because they were 
familiar with and were concerned about malaria, also 
because they were aware of MDA and its aim of eliminat-
ing malaria. A high uptake was prompted, at least in part, 
by an extensive programme of community engagement 
that addressed community members’ concerns about 
side effects of anti-malarials [51, 52]. The high-uptake 
suggests that MDA could be a promising intervention in 
high-risk populations even though forest workers may 
only benefit indirectly.
The reviewed studies suggest that forest-goers’ periodic 
absence from settlements meant that they were often 
not included in malaria prevention programmes [18, 
21, 24, 26]. Familiarity with the timing of forest activi-
ties (or targeting forest locations) is therefore crucial. 
These programmes must also address the reported con-
cerns about the safety of the blood tests [20, 21], or fears 
that the test results would be used to infer illegal (forest) 
activities [25].
Among the reviewed articles, there were reports that 
some people carry anti-malarial drugs with them to the 
forest in case they fall ill [19, 29]. Respondents used a 
variety of treatment options, including potentially harm-
ful drug cocktails of antibiotics, antipyretics and anti-
malarials [19]. The therapy was often obtained from 
private providers even though, across the GMS, public 
health facilities provide malaria diagnosis and treatment 
free of charge [22–24]. In part, this resulted from a lack 
of confidence in CHWs charged with diagnosis [19, 21–
24, 38]. Poor adherence to prescribed treatment due to 
the costs [19] or because of complacency after the symp-
toms subsided [25, 29] was also reported.
A willingness to carry and ingest anti-malarials whilst 
visiting forests suggests that the impact of providing of 
prophylactic drugs to forest-goers should be examined. 
A recent pilot study among Vietnamese forest rangers 
indicates potential for such an approach [53]. In addition 
to its impact on clinical outcomes and parasitaemia, any 
evaluation must address questions of feasibility, given the 
reported poor adherence to therapeutic courses of anti-
malarials. Strengthening the CHW network to overcome 
limitations that were described in the reviewed stud-
ies (difficulties in finding CHWs, lack of RDTs and anti-
malarials, and the fact that they are unable to treat other 
illnesses [19, 22, 38]) could facilitate implementation and 
improve sustainability.
Their readiness to self-administer anti-malarials in the 
forest indicates that providing forest-goers with RDTs for 
self-testing alongside an ACT for self-treatment after a 
positive RDT result might be acceptable. This approach 
could potentially speed appropriate treatment for clini-
cal malaria cases in areas where access to primary health 
services is limited by distance or terrain, as is the case 
in many forested zones of the GMS. Such a strategy has 
been piloted amongst international travellers who visit 
malaria endemic areas and requires some preparatory 
training to promote optimal use [54]. Although this strat-
egy might improve the management of individual clinical 
cases, it is unlikely to address the contribution of asymp-
tomatic infections to transmission in this region and 
therefore has limitation in terms of contributing to the 
regional elimination of malaria [55].
Strengths and limitations
This is the first article to review the qualitative social sci-
ence research on the malaria-related perceptions and 
behaviours of forest-goers in the GMS. The findings are 
limited by the fact that forest-goers were not the central 
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respondent group in all studies, although in all included 
studies forest-goers were interviewed, or their behaviour 
discussed. Not all countries in the GMS were included, 
because the malaria burden is not equally distributed 
across the region; the included sources described stud-
ies conducted in the countries with the highest malaria 
burden. Unavailable texts were generally older articles 
(before 2000). Because new initiatives and interventions 
have been introduced over the last 20 years, unavailable 
articles may no longer be representative of the current 
malaria landscape, and the absence of these sources is 
unlikely to affect the main findings.
Conclusion
This review provides a comprehensive overview of quali-
tative social science research that has examined behav-
iours and perceptions that influence uptake of and 
adherence to malaria prevention and control interven-
tions among forest-goers in the GMS. Because they are 
at particular risk of sub-clinical malaria infections, which 
fosters continued transmission, forest-goers are a prior-
ity population for the region’s malaria elimination pro-
grammes. The findings highlight the limitations of vector 
control measures for this population group, with use of 
ITNs, hammocks and repellents influenced by the type 
of forest activities and the characteristics of these meas-
ures. A human-centred approach to the design of ITNs 
and hammocks offers potential to overcome some of 
these challenges. The findings also indicate that deliver-
ing anti-malarial drugs to this population group (as mass 
screening and treatment, MDA or prophylaxis) is poten-
tially complex: forest-goers are often absent from village-
based interventions, express concerns about blood tests 
and their adherence to treatment courses is sometimes 
sub-optimal. Research on the timing and location of for-
est activities is needed to optimize the delivery of inter-
ventions but, considering the sometimes illegal nature of 
forest activities, this brings methodological and ethical 
challenges. Operational research alongside the clinical 
evaluation of prophylaxis and self-testing and treatment 
for this population group is needed.
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